ABSTRACT: Yearling crossbred feedlot steers (n = 495) and heifers Cn = 1511 were ultrasonically measured at the 12-13th rib interface 24 h before slaughter to evaluate the accuracy of ultrasonic measurements of fat thickness (BFU) and longissimus muscle area (LMAU) for prediction of actual carcass measures. Isonification was with an Aloka 210DX ultrasound unit equipped with a 12.5-cm, 3.0-MHz, linear array transducer by two technicians. Carcass fat thickness (BFC) and longissimus muscle area (LMAC) were measured 48 h postmortem. Differences between ultrasonic and actual carcass measures were expressed in actual (BFDIFF and LMADIFF) and in absolute (IBFDIFFI and ILMADIFFI) terms for backfat and longissimus muscle area, respectively. When expressed as percentages of the actual carcass measures, the average absolute differences indicated error rates of 20.6% for backfat and 9.4% for longissimus muscle area. Average actual differences BFDIFF and LMADIFFI indicated that underprediction occurred more often than overprediction for both measures. The BFU was within .25 cm of BFC 70% of the time, and LMAU was within 6.5 cm2 of LMAC 53% of the time. Ultrasound measurements BFU and LMAU more accurately predicted BFC and LMAC in thinner and more lightly muscled cattle, respectively. Simple correlation coefficients between ultrasonic and carcass measures were .75 (P < .01) for BF and .60 (P < .Oll for LMA. Analyses of variance of absolute differences between ultrasonic and carcass measures indicated no significant differences to exist between technicians. Predictive accuracy of ultrasonic measures did not change as the level of experience of technicians increased during the study. This research indicates that ultrasonic measurements of backfat and longissimus muscle area using these techniques taken before slaughter may be relatively accurate predictors of final carcass fat thickness and longissimus muscle area in beef cattle.
Introduction
Ultrasound technology has been used to estimate carcass composition in domestic livestock for ' Appreciation is extended to Bill and Minnie Lou Bradley of the Bradley 3 Ranch and Country Meats, Memphis and Childress, TX for use of cattIe and facilities and to Clarendon College, Clarendon, TX for use of facilities and equipment funded by the Texas Dept. of Agric.
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many years (Temple et al., 19561 . Recently, the beef industry has placed high priority on the development of an objective instrument grading system for assessment of live animal carcass composition. The ability of ultrasound to estimate accurately final carcass composition could be important in the development of a value-based marketing system. A value-based marketing system would encourage production of carcasses that yield as much lean tissue with as little external and seam fat as possible and would respond to increased consumer demands for a leaner product.
Ultrasound, a complex array of electronics that produces soundwaves with frequencies too high for human detection, has been used extensively in medicine and radiology. Ultrasonic imaging technology offers an impartial, nondestructive, and humane means of estimating 12th-rib fat thickness and longissimus muscle area in live beef animals (Stouffer et al., 1961) . Researchers have reported discrepancies in the accuracy with which ultrasound predicts carcass traits in live animals (Houghton, 1988) . Previous studies (Gresham et al., 1986; Henderson-Perry et al., 1989; Oltjen et al., 1989) suggest that ultrasonic measurements of fat thickness are accurate in determining carcass fat thickness, but that longissimus muscle area estimates are inconsistent and warrant further investigation. Research has also shown that accuracy is highly dependent on the technician and level of experience that the person possesses (McLaren et al., 19911 . Advent of real-time (projection of a live image onto a video screen) ultrasonography has enabled the technology to become more accurate. Most previous research, however, has evaluated the use of ultrasound with experienced technicians on relatively low numbers of highly variable animals. Few studies have been reported in which technicians have been evaluated over time of experience on large numbers of animals.
The objectives of this study were 11 to evaluate real-time ultrasonic estimates of fat thickness and longissimus muscle area taken before slaughter at the 12-13th rib interface in selected feedlot cattle and 2) to evaluate the accuracy of ultrasonic estimates of fat thickness and longissimus muscle area taken before slaughter at the 12-13th rib interface in beef cattle by two initially inexperienced ultrasound technicians.
Materials and Methods
This research consisted of isonification of 646 feedlot animals, including both steers Ln = 495) and heifers (n = 1511, for 12th rib fat thickness (BFU) and longissimus muscle area (LMAU) as predictors of carcass merit in cooperation with the Bradley 3 Ranch Custom Feedlot and Bradley 3 Ranch Country Meats of Memphis and Childress, TX and Clarendon College, Clarendon, TX. The animals included in these data (mainly procured from the midwestern United States) were a mixture of British, European, and Zebu crosses and were representative of cattle fed in the commercial feedlot industry.
3From the U.S. Dept. of Agric.
Animals were confined to a pen enclosed by steel pipe fences with concrete feed bunks and an automated watering system. Animals were allowed 11.6 m2 of pen space and 30.5 cm of bunk space. The cattle were fed a 47% whole-corn starter ration and finished on an 87% whole-corn ration and were sold under a Natural Beef Market label3, which did not allow the ration to contain feed additives, antibiotics, growth promotants, repartitioning agents, and(or1 any other synthetic products. Animals were visually selected on an individual basis by the feedlot owner based on her estimation of readiness for slaughter as influenced by USDA yield and grade factors (yield grade 1 or 2 carcasses with a Choice or better quality grade).
This process tended to narrow the range of variation for the live animal and carcass compositional end points.
Approximately 44 cattle were measured weekly beginning in mid-May 1990. Animals were ultrasonically measured by two technicians on alternating days (n = 22 animals per day) approximately 24 h before slaughter using a real-time (B-mode), diagnostic ultrasound unit Moka 210DX, Corometrics Medical Systems, Wallingford, CT), equipped with a 12.5-cm, 3-MHz, UST-5021 general purpose linear array transducer. The technicians had equal but limited experience using ultrasound technology at the onset and were in a learning process in the early stages of the project. Technicians attempted to improve over time by analyzing data weekly and using such aids as acetate tracings, videotaping, and photographing of carcass rib sections. Isonification site was determined by physical palpation between the 12th and 13th ribs on the right side of each animal. Animals were measured only after they were standing as level as possible. The ultrasound probe was placed toward the midline and parallel to the 12-13th rib bones and moved laterally until the longissimus muscle came into full view on the screen. Corn oil (Mazola, CPC Foodservice, Englewood Cliffs, NJ1 was used as a couplant to obtain adequate acoustic contact on the unclipped animals. The isonification site was located, oiled, curried until it was free of dirt and debris, and then oiled again for optimum image registration. The BFU estimates were determined on location using the internal electronic calipers of the ultrasonic unit. Captured ultrasonic images were recorded on a standard VHS video cassette recorder and later viewed to determine LMAU using computer software BLUSMORPH, Woods Hole Educational Associates, Woods Hole, MA). Technicians traced the periphery of the muscle (from video-recorded images) to allow calculation of longissimus muscle area by counting pixels and converting them to square centimeters. A super flab stand-off pad aSee text for defhtion of abbreviations. Additionally, QG = USDA quality grade: 11 = Se' , 12 = Ch-and 13 = Ch"; YG = USDA yield grade; and KPH = YO kidney, pelvic, and heart fat.
fashioned as a guide was used to ensure proper matching of both the medial and lateral halves (because of split-screen imaging1 of the longissimus muscle as well as to aid in the proper contact between the rigid ultrasound transducer and the curvature of the animal's back. Recorded ultrasound images were interpreted by the same technician that isonified each animal. Carcass fat thickness (BFCI and longissimus muscle area (LMAC) were measured at the 12-13th rib interface 48 h postmortem by a qualified meat grader and no visual fat thickness adjustments were made. The LMAC was estimated by the dot grid method.
All statistical analyses were conducted using SAS (1986). Data were analyzed by analysis of variance using least squares procedures to evaluate sources of variation, including effects of sex of
animal, date (grouped into four groups), and technician. Live weight accounted for a significant source of variation in variables involving longissimus muscle area and was included as a covariate. Pearson correlation coefficients were estimated between ultrasonic and actual carcass measures.
Results and Discussion
Means and standard deviations for the descriptive measures of the animals are presented in Table 1 . Based on these means, these data seem to compose a representative sample of feedlot cattle.
Differences in ultrasonic and actual carcass measures of fat thickness and longissimus muscle area are also included in Table 1 . The terms IBFDIFFI and ILMADIFFI were calculated as absolute differences between BFC and BFU and LMAC and LMAU, respectively. Expressed as percentages of the carcass measures, these absolute difference values may be interpreted as proportional error rates of 20.0% for fat thickness and 9.4% for longissimus muscle area, respectively. Because of the emphasis in most research studies on correlations as measures of precision, the automatic conclusion has been reached that ultrasonic backfat measurements are more accurate and precise than those for longissimus muscle area. These results indicate that conclusion to be incorrect in terms of proportional error of prediction. The terms BFDIFF and LMADIFF were calculated as the actual differences between BFC and BFU and LMAC and LMAU, respectively. These provide some indication of the direction of mean bias of ultrasonic estimates in relation to the carcass measures of fat thickness and longissimus muscle area. The BFDIFF and LMADIFF values indicate that underprediction occurred more often than overprediction for both carcass traits. Similar findings were reported by Recio et al. (1986) for cattle varying in a narrow range of weight, amount of fatness, and degree of muscling. Table 2 shows F-values and error mean squares for the sources of variation in ultrasonic and carcass measurements. Live weight was a highly significant source of variation for longissimus muscle area measurements. Analysis of variance of BFU indicated significant differences (P c .05)
to exist between technicians and significant differences (P c .01) to exist between sexes for LMAU, LMAC, and BFDIFF. Month of measurement was also a significant source of variation for all backfat measures and LMAC and will be referred to later. Table 3 contains simple correlation coefficients between ultrasonic and carcass measures. Correlations between BFC and BFU and LMAC and LMAU were .75 (P < .01) and .60 Lp c .Oil, respectively. Previous studies (Stouffer and Cross, 1985; Smith et al., 1990) have shown similar results using the same generation of ultrasonic equipment that indicate their relatively accurate predictive abilities for carcass fat thickness and longissimus muscle area measurements.
Differences in ultrasonic and actual carcass measures of fat thickness and longissimus muscle area by technician are presented in terms BFDIFF and LMADIFF show that fat thickness and longissimus muscle area were underpredicted more often than not by Technician 1. In contrast, Technician 2 underestimated longissimus muscle area and overestimated fat thickness. Means and standard deviations for the descriptive measures of the animals isonified by technician indicate that Technician 1 measured cattle that were less fat with larger longissimus muscles, whereas Technician 2 measured cattle that were on the average fatter with smaller longissimus muscles. These compositional differences may account for the prediction differences.
Correlations of ultrasonic and carcass estimates by technician are shown in Table 5 . Correlations for fat thickness were .78 and .72, whereas correlations for longissimus muscle area were .54 and .64 for Technicians 1 and 2, respectively. Analyses of variance of accuracy of ultrasonic measures indicated differences between technicians to exist for fat thickness only (see Table 2 ). Again, the variation in carcass fat thickness may account for this difference along with true technician accuracy effects.
Differences in ultrasonic and actual carcass measures of fat thickness and longissimus muscle area by sex are presented in Table 6 . The term IBFDIFFI indicated a n error rate of 21.5 and 18.7% for steers and heifers, respectively. The term ILMADIFFI showed no differences between sexes; both had an error rate of 9.4%. The terms BFDIFF and LMADIFF show that fat thickness for steers and longissimus muscle area for both sexes were underestimated more often than not, whereas fat thickness for heifers was overestimated most often. Means and standard deviations for the descriptive measures of the animals by sex show Table 7 . Correlation coefficients between that steers had higher levels of fat thickness and smaller longissimus muscles than did the heifers. It should also be noted that the heifers had more longissimus muscle area/45.5 kg, more kidney, pelvic, and heart fat percentage (KPH), and were fed fewer days than were the steers. This is reflective of the cooperator's high selectivity and management for types of heifers fed.
Correlations of ultrasonic and carcass measures by sex are shown in Table 7 . Correlations for fat thickness were .73 and .80, whereas correlations for longissimus muscle area were .61 and 5 1 for steers and heifers, respectively. The high correlation for fat thickness and the low correlation for longissimus muscle area may be because the heifers tended on the average to have less fat thickness and larger longissimus muscles.
Technicians went through a learning process throughout the project because of their initial limited experience using ultrasound technology. Differences in ultrasonic and actual carcass measures of fat thickness and longissimus muscle area by date are presented in Table 8 . The first 267 animals (May and June) isonified for fat thickness were underestimated, whereas the last 379 animals (July to October) isoflied were overestimated more often than not, as indicated by BFDIFF values. The term LMADIFF shows that longissimus muscle area was underestimated throughout the entire study.
Correlations (all P < .01) of ultrasonic and carcass estimates by date are shown in Figures 1  and 2 . Although there was a gradual increase in correlations for backfat, magnitudes of correlation coefficients paralleled those of coefficients of variation of the actual carcass measures. In the case of longissimus muscle area measures, another explanation for the small differences observed in correlation coefficients could be size. If accuracy is lowered as longissimus muscle area increases, the decrease in longissimus muscle area correlations for July and August could be accounted for by the average increase in longissimus muscle area (Table 8) +P < .lo. Most evaluations between ultrasonic and carcass measures have been reported in the form of correlation coefficients. Frequency distributions of differences between the actual and predicted value may offer a better method of reporting precision of the measurements. Figures 3 and 4 present the cumulative frequency distribution of fat thickness differences between BFC and BFU. Ultrasonic estimates of carcass fat thickness were Collectively these results indicate that ultrasound was more precise in estimating carcass fat thickness on cattle with a lesser degree of 12th rib fatness. This is probably due in part to misinterpretation of fat deposits on the fatter cattle, the amount of pressure applied to the transducer on the animal by the technician, or the differences in fat measurements known to exist between stand- ing animals and hanging carcasses, as suggested by Houghton and Turlington (1992) .
Cumulative frequency distributions of longissimus muscle area differences between LMAC and LMAU are shown in Figures 5 and 6 . Ultrasonic estimates of longissimus muscle area were within 6.5 cm2 53% of the time and within 12.9 cm2 84% of the time. These results indicate that ultrasound estimates were slightly more precise for animals with longissimus muscles smaller than 83.9 cm2 than for those with longissimus muscles greater than 83.9 cm2.
Figures 7 and 8 present the cumulative frequency distribution for backfat and longissimus muscle area by date. These results indicate that ultrasound accuracies were influenced more by degree of fatness and muscling on the animal than by experience of technician over time. These data and other research using the Aloha 210 ultrasound unit (Wallace and Stouffer, 1974; Faulkner et al., 1990) suggest that ultrasonic measurements of fat thickness and longissimus muscle area may be accurate predictors of final carcass fat thickness and longissimus muscle area in beef cattle. Error between ultrasonic and actual carcass measurements of fat thickness and longissimus muscle area may be contributed by placement of the transducer, cleaning of the area of measurement, setting of near and far gains for image registration, and interpretation of the image produced by the technician. Additionally, slaughter techniques Wde pullers vs air knives vs hand knives), changes of configuration of the various tissues during the onset of rigor mortis, and ribbing of the carcass at the 12-13th rib interface also could affect levels of predictability of these data.
Recent rapid advancements of ultrasound technology may make real-time, linear array, ultrasonic imaging a more accurate and practical means of measuring body composition traits on a live animal basis than is currently possible with the equipment used in this study. Duello et al. (19901 reported that an Aloka 633 ultrasonic unit predicted carcass fat thickness and longissimus muscle area in beef cattle with high degrees of accuracy, but its use is hampered by lack of portability and sensitivity to the working environment. A recently released ultrasonic unit (Aloka 500Vl is portable ( e 5 kg), much less sensitive to cattle working conditions, and eliminates the need of split-screen imaging because of an enhanced, larger (17.2 cm), 3.5-MHz transducer. This improvement should reduce some error variation in longissimus muscle area prediction, but no data have yet been published from its use.
Implications
This research suggests that ultrasonic measurements of fat thickness and longissimus muscle area taken before slaughter can be fairly accurate predictors of carcass fat thickness and longissimus muscle area. However, improvement in imaging of longissimus muscle area is needed before ultrasonic estimates should be used as selection criteria. Further research is needed to evaluate the new generation of ultrasound equipment for predicting carcass traits, including imaging of measures of carcass intermuscular and intramuscular fatness. Additionally, research is needed that addresses the issue of "acceptable" 
